Parasite Sensors
How do our organisms know when we are being invaded by parasites? New research shows that rare cells present in our mucosal tissues are critical to trigger the alarm and promote elimination of worms and other parasites.
Imagine your body as a huge airplane carrying countless tiny passengers. If you travel a lot, you may already know that some passengers can cause a lot of trouble. Dealing with them requires a system that is able to detect a small disturbance before it becomes a big problem. Luckily, your ''personal airplane'' is built in with a number of devices to sense and respond to common misbehaving passengers like viruses and bacteria. Now, the good news is that your system has been equipped with the right tools also to avoid complex passengers such as protozoa and worms that try to mess up the flight.
Viruses and many types of bacteria express molecules that are unique to them called PAMPs, short for pathogenassociated molecular patterns. They are sensed by pattern recognition receptors expressed by host immune cells, such as Toll-like receptors and NOD-like receptors, triggering the release of inflammatory mediators and engagement of other immune cells that will help to contain or to eliminate the aggressor (Iwasaki and Medzhitov, 2015) . The mucosal tissues in particular are points of vulnerability in your ''personal airplane.'' They are constantly in contact with microbes and parasites that are not part of your helpful microbiota crew. They are also sites of exposure to food, inert particles, and environmental allergens and are under the influence of environmental conditions such as temperature, humidity, oxygen tension in the air, and barometric pressure. Epithelial cells in the mucosa express pattern recognition receptors and are engaged in detection of potential threats. The problem is that most eukaryotic parasites, like protozoa and worms, do not express PAMPs and go unseen by this detection system. How can the host sense and respond to their presence?
The answer may lie in a very rare population of intestinal epithelial cells, called tuft cells. They were first described over 60 years ago, but their function has remained elusive (Gerbe et al., 2012) . Three independent research groups now find that helminthic infection promotes a significant amplification in the number of these cells in the intestinal mucosa (von Moltke et al., 2016; Gerbe et al., 2016; Howitt et al., 2016) . They arise from direct differentiation of progenitors cells present in the intestinal crypts. Animals that lack genes required for the specification of the tuft cell fate, or their function, have a defective type 2 mucosal responsethe type of immune response required expel the worms (Gerbe et al., 2016) . In the steady state, tuft cells already produce interleukin-25 (IL-25), which is a key cytokine for maintenance of ILC2s, a subset of innate lymphoid cells that contribute to the homeostasis of the intestinal mucosa (von Moltke et al., 2016) . Upon infection, tuft cells are pumped up to produce more IL-25 and activate ILC2s, which then produce interleukin-13 that acts to expand tuft and goblet cells and to promote smooth muscle hypercontractility-the ''weep and sweep'' response.
How tuft cells sense the parasites is less clear. Curiously, these cells were first described as chemosensory cells because of their similarities with lingual taste bud cells. They do express taste-related G-protein-coupled receptors, as well as many signaling proteins involved with the taste transduction pathway. In fact, loss of expression of canonical taste-chemosensory components like Trpm5 and Gustducin reduce the response of tuft cells to parasitic infection and results in increased worm burden (Howitt et al., 2016) . We still do not know exactly what the tuft cells are ''tasting.'' Could they be responding to agonists ingested with food? Could the parasites metabolize food products producing molecules that stimulate tuft cells? Are they providing an additional signal that is not directly sensed by the taste-related GPCRs or perhaps inhibiting a signal that releases the response of tuft cells?
It is tempting to speculate also about the existence of similar circuits operating in other mucosal tissues. For instance, another rare cell population, the pulmonary neuroendocrine cells (PNECs), has just been reported to work as sensor in the airways, to control the innate immune response in the lung (Branchfield et al., 2015) . In this case, PNECs are sensitive to the airflow and their dysfunction leads to increased production of neuropeptides that triggers the local immune response and alveoli remodeling. Remarkably, tuft cells and PNECs share a number of features with traditional sensory cells of the nervous system. PNECs do receive neuronal inputs. Tuft cells are located in the surroundings of the myoenteric plexus, whose enteric neurons have recently been shown to instruct macrophage function (Gabanyi et al., 2016) . Do tuft cells also receive or transmit signals through the enteric nervous system? Do mucosal neurons help to disseminate the information to immune cells that are far from the site of injury?
As progress is made toward understanding this ''immunosensory'' system, new functions for old cell types and new circuits will likely be uncovered. These new insights will aid Chemosensory tuft cells are key for sensing and triggering antiparasite immune responses. Image from iStock.com/Flander to our comprehension of how the body senses and deals with friendly and unwanted passengers. Beyond that, they may also teach us that the immune system is a lot more integrated with the rest of our ''personal airplanes'' than we ever realized.
